We present the rst VLBI observations of the 6 16 ?5 23 , 22-GHz H 2 O maser emission associated with a proto-planetary nebula candidate. Three epochs of observation of the water masers towards IRAS 19296+2227 were obtained with the Very Long Baseline Array operated by the National Radio Astronomy Observatory. These observations show that the water masers are distributed over a 40 mas arc-like structure covering a limited velocity range of 4 km s ?1 . It is unclear whether the masers are part of an elliptical circumstellar shell or are the result circumstellar shock as it impacts the surrounding medium. Over the 40 days spanning Epochs 1 and 3, we have measured an average proper motion of 12:6 5:7 km s ?1 indicating that the masers are probably not in a high velocity out ow. We also detect no overall motion of the masers indicative of a stellar out ow.
Introduction
IRAS 19296+2227 is a strong water maser source which also exhibits OH maser emission. Until recently, the nature of this source was unknown (Engels 1996) . The OH emission from IRAS 19296+2227 has an OH maser centroid at 40 km s ?1 , although it is often confused with IRAS 19295+2228, and both sources share a single designation, OH 57.5+1.8 (te Lintel Hekkert et al. 1989) . IRAS 19295+2228, located only 2 0 20 00 from IRAS 19296+2227 has an OH maser centroid of ?75 km s ?1 and was discovered by Baud et al. (1979) . Identi ed as a typical OH/IR star by several authors, the source's nature is now well established (Engels 1983; Jones et al. 1983 ). Engels (1996) demonstrates convincingly that the OH maser emission at 40 km s ?1 is associated with IRAS 19296+2227. The main evidence presented is the discovery of water maser emission at 22 GHz at the same velocity as that of the OH maser emission. The detection of water maser emission combined with the observed properties of the masers (OH and H 2 O) along with IRAS uxes led Engels (1996) to hypothesize that IRAS 19296+2227 is a proto-planetary nebula candidate.
Proto-planetary nebulae (PPN) are very di cult to detect. They are a short-lived ( 1000 yr) transition phase between the AGB and PN stages of stars. As an AGB star's life comes to an end, an extensive circumstellar envelope is developed through extensive mass loss. As the star evolves further, the mass loss decreases and the object slides towards the blue side of the Hertzsprung-Russell diagram. Mass loss ceases entirely and the temperature of the star increases until it begins to ionize the circumstellar envelope. A new high-speed wind, driven by the increased luminosity, then begins to transform the remnant AGB shell into a planetary nebula.
The fact that they are almost completely obscured by their own dust shells implies that these objects will be visible in the far infrared. Until the launching of the IRAS satellite, these objects were essentially invisible to ground-based observations. Numerous candidates have now been identi ed (Kwok 1993) . A PPN, as de ned by Kwok (1993) , is an object which has ceased the large-scale mass loss of the AGB phase and has not yet initiated the emission of large numbers of Lyman-continuum photons, which cause the formation of the PN. Observationally, the objects should exhibit several characteristics: 1) evidence for existence of AGB envelope either through infrared colors or molecular observations, 2) evidence of envelope detachment, 3) the spectral type of the central star, if detectable, should be of type B-G and of luminosity class I, and 4) evidence for photometric variability of the central star. The most well-known PPN candidates are AFGL 2688 (the Egg Nebula) and AFGL 618, also the rst two designated PPN candidates (Kwok 1993 Habing (1988) . The kinematic distance estimated by Engels (1996) from the galactic rotation eld is 3:2 1:3 kpc Its infrared luminosity, implied by this distance, is then 5000 L consistent with that of an AGB star (Engels 1996) . Both the OH and H 2 O luminosities are also in close agreement with values for normal AGB stars. The OH and H 2 O maser spectra however are not typical for AGB sources. The OH line width ( v = 14:9 km s ?1 ) and the H 2 O line width ( v < 5 km s ?1 ) are small compared to both OH/IR stars and even supergiants such as VX Sgr and S Per (Engels 1996) . Its maser properties do resemble those of two other PPN candidates and Engels concludes that IRAS 19296+2227 should also be considered a PPN candidate.
Since water masers occur relatively close to AGB stars (on the order of 100 stellar radii), they should show the in uence of any changes taking place in the inner circumstellar envelope relatively early during PPN evolution. This can be seen in the PPN evolutionary scheme presented by Lewis (1989) . Because of the strength and consistency of the H 2 O maser emission towards IRAS 19296+2227, it was considered the best PPN candidate for study using Very Long Baseline Interferometry (VLBI). Three epochs of observation were obtained to map the spatial distribution of the H 2 O maser emission and to determine any possible proper motions of the maser features. The observational details are described in section 2, a discussion of the results are included in section 3 and our interpretations and conclusions are presented in section 4. We obtained a short two-hour observation of IRAS 19296+2227 with the Very Large Array (VLA) operated by the National Radio Astronomy Observatory (NRAO) 2 to obtain a su ciently accurate position to permit VLBI observations. This observation took place on 28 May 1997 from about 4:00 AM (MST) to 6:00 AM (MST). These times correspond approximately to 18:30 and 20:30 LST for the VLA respectively. The VLA was con gured to provide a single IF of right-circular polarization. The observed bandwidth was 1.562 MHz with a channel separation of 12.2 kHz corresponding to a velocity resolution of approximately 0.2 km s ?1 . The weather for the observation was excellent and the array was in the B con guration although some antennas had been repositioned for the hybrid BnC con guration.
The data were reduced in the standard way using the Astronomical Image Processing System (AIPS) maintained by NRAO. The phase stability was excellent during the run. Two separate phase calibrators were observed to ensure a good position measurement. IRAS 19296+2227 was calibrated using solutions from each calibrator. We also used one of the calibrators as a test source to estimate the positional uncertainty for IRAS 19296+2227 by calibrating it with solutions from the other calibrator. Once mapping was complete (described below) no signi cant o set in position from the catalog position was found above the level of the positional measurement uncertainty.
This uncertainty has been estimated by Bloemho et al. (1992) to be,
where SNR is the signal-to-noise ratio in the given channel and beam is the synthesized beam size in mas. Recent work (Condon 1996; Kogan 1996) gives an analytical formula for the position 2 The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc.
{ 6 { measurement error. This Condon-Kogan formula has recently been incorporated into several of the position measurement routines of AIPS and any errors in position quoted in this paper were calculated using this formula. Although the error changes from channel-to-channel and component-to-component, a typical error for our VLA observations was 5 mas.
Once calibration was completed, maps were produced using the calibrated data set. We elected to make maps using data calibrated by solutions from the stronger of the two phase calibrators. Image cubes were formed in the standard manner. The water maser emission exhibited the spectrum shown in Figure 1 . The emission was unresolved in all channels and images are not shown for this reason. The position of the peak emission was measured in each channel where the ux exceeded three times the R.M.S. noise in that channel and a graph of the position as a function of velocity is shown as Figure 2 . The position o set is relative to the phase reference position.
The shift in position as a function of velocity is not that large (of order 50 mas) implying a very compact, but varying, spatial distribution as a function of velocity. We measured the position of the strongest maser emission, located at 40.0 km s ?1 to be: R.A. = 19 h 29 m 37:336 s , dec. = +22 27 0 16:54 00 (1950) . This position was then used as the phase center for correlations of all the VLBA epochs and should be taken as the best position for this source.
VLBA
Three epochs of observation of the water maser emission from IRAS 19296+2227 were obtained using the VLBA. A line rest frequency of 22.23508 GHz was adopted for each of the three epochs. Relevant details of the observations are shown in Table 1 . The array was con gured to record two IF channels (dual-circular polarization, net upper sideband) of 1 MHz (13.5 km s ?1 ) width centered on a velocity of 40.0 km s ?1 . Data were recorded in VLBA format using two-bit sampling, and were correlated at the VLBA correlator in Socorro, New Mexico. Auto and cross-correlation spectra with 256 channels of data per IF were produced yielding a resolution of { 7 { approximately 3.6 kHz (0.05 km s ?1 ). The data were distributed in the VLBA archive format and subsequently analyzed using AIPS.
The calibration procedure used to produce the total intensity images follows that of Reid et al. (1980) and Diamond (1989) . The bandpass response for the target source spectra were determined from scans on the continuum calibrator 3C 454.3. Amplitude calibration was performed using the reference spectrum method. In this method, the template spectrum (a total-power spectrum for a sensitive antenna obtained while observing the source at a high elevation) is t (using a least-squares technique) to the total-power spectra from all antennas. This produces solutions for the relative amplitude gains of the antennas as a function of time. The true amplitude scale is determined by scaling the relative gains by the system temperature for the reference antenna at the time the template spectrum was obtained. We estimate the overall amplitude calibration to be good to about 25% including an estimate for the recently detected VLBA correlator calibration error (Beasley 1998) . The gain solutions derived were applied to the cross-power data. The slight velocity shifts of the signal across the band as a function of time were corrected by applying an o set in the delay-lag domain.
To allow the data to be coherently averaged, thereby improving the signal-to-noise ratio, residual group delays and fringe rates were determined by fringe-tting the data. Observations of continuum sources were used to determine the residual delays which were applied to the target source, IRAS 19296+2227. Residual fringe rates were obtained from a fringe-t on a reference channel from the target source containing a single strong maser feature. These fringe-rates were applied to all channels in the spectrum. It should be noted that absolute positional information is lost in the procedure to determine residual fringe rates, and all positions are given relative to the maser feature in the reference channel.
Once suitable calibration was obtained, the data were mapped. First, an iterative selfcalibration procedure was used to map the strongest channel (40.2 km s ?1 ) and the derived gains were applied to all channels. A highly tapered image cube was then formed (covering nearly 1 00 ) to verify that the emission was concentrated in the small region indicated by the VLA { 8 { observations. This step was performed to con rm that no new maser emission had \turned-on" in the time between the VLA and VLBA observations. After searching the tapered cube for emission, image cubes were formed covering the region of detected emission (velocities between 37.5 and 41.8 km s ?1 ). These cubes are comprised of images approximately 80 80 mas with a beam-size of approximately 1:05 0:37 mas in natural weighting. The measured o source noise in images with no maser emission was 11 mJy/beam close to the predicted thermal noise of 9 mJy/beam. For those channels with the strongest maser emission the dynamic range was limited to 250 while channels with weaker emission were much better.
Once the image cubes for each of the three epochs of observation were produced, these cubes were analyzed to determine the properties of the individual H 2 O masers. Maser features with peak ux densities larger than six times the RMS noise in the channel were t with a two-dimensional Gaussian. Only components detected in at least three consecutive channels at or above the detection limit were retained for subsequent processing. From each list of possible identi cations, component positions in right ascension, declination, and velocity were determined using a ux-density-squared weighted average. The resulting set of components was used in the calculation of the maser proper motions discussed below. Figure 3 shows the integrated total-intensity image for one of the three epochs of observation (Epoch 1). Similar images were produced for Epochs 2 and 3 which yielded nearly identical structures. The integrated total intensity map for Epoch 3 is shown in Figure 4 for the purpose of comparison. From Figures 3 and 4 one can see that the H 2 O masers detected towards IRAS 19296+2227 are con ned to an arc-like structure covering 40 mas. At the assumed distance of the source (3.2 kpc) this corresponds to a linear distance of 130 AU. The maser emission covers a narrow velocity range of approximately 4 km s ?1 . It is unclear whether this arc of water maser emission is part of an elliptical circumstellar shell, or whether the masers have been formed in a lamentary shock region.
Results
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The image cubes used to produce the total-intensity maps were analyzed as described above. Component parameters and associated errors resulting from this analysis are shown in Tables 2  and 3 for Epochs 1 and 3 respectively. Columns 1 and 2 show the average center velocity and the velocity spanned by that feature. Columns 3 through 6 contain the right ascension, declination, and associated errors determined using the ux-density-squared weighted average discussed above. Position errors are approximately 0.02 mas in right ascension and 0.03 mas in declination. Column 7 is the peak component ux density for the feature and Column 8 is the error in this peak ux density.
The data from Tables 2 and 3 were used in the computation of the proper motions for those maser components identi ed in both epochs. Relevant proper motion information is shown in Table 4 . Columns 1 and 2 list the right ascension and declination of the feature as measured during Epoch 1. The angular distance between corresponding components between the two epochs are shown in column 3 along with the associated errors in column 4. Columns 5 through 8 list the magnitude and direction of the computed proper motion velocity vectors and their associated errors. To compute these velocities, a distance of 3.2 kpc was again assumed for IRAS 19296+2227. In order to determine the proper motions of the masers, we adjusted the coordinate scales for each epoch to be aligned on the reference feature near 40.1 km s ?1 . All proper motions are therefore o set by a constant velocity vector representing the proper motion of this reference feature. The maser proper motion vectors listed in the table are plotted in Figure 5 .
We only chose to show the the proper motions computed over the 40 days separating Epochs 1 and 3 due to the relative size of the errors in comparison to the determined proper motions. From Table 4 it can be seen that the errors in the determined proper motions are a signi cant fraction of the actual position change. The shorter time periods between Epochs 1 and 2 and Epochs 2 and 3 yield less reliable results. Unfortunately, the lack of 22-GHz water maser features makes the determination of the overall kinematics of the maser environment di cult to determine. The average velocity for the detected features is 12:6 5:7 km s ?1 which indicates that the masers are probably not in a high-velocity stellar out ow. From Figure 5 there does not appear to be any global motion of the masers indicative of an out ow, even if one rotates the vectors by some constant o set due to the motion of the reference feature.
Conclusion
We have made the rst maps of the water masers associated with a proto-planetary nebula candidate (IRAS 19296+2227) . We nd that the masers are distributed in an arc-like structure of 40 mas in extent and cover a narrow velocity range of 4 km s ?1 . The overall geometric distribution of the masers remained the same over the 40 days spanning Epoch 1 and Epoch 3. It is possible that the masers exist in a circumstellar shell and are similar in nature to the water masers seen near evolved stars with high mass-loss rates. However, we cannot exclude the possibility that they are formed in a shock region where the high velocity stellar wind from the collapsing evolved star is impacting on the remnant circumstellar shell. The apparent lack of a full elliptical H 2 O maser shell could provide additional weight to the argument that IRAS 19296+2227 is a PPN since little or no water maser emission is expected in stages 7{11 of the AGB evolutionary scheme developed by Lewis (1989) .
We have measured the proper motions of the H 2 O masers towards IRAS 19296+2227 over a period of 40 days and have found an average proper motion of 12.6 km s ?1 assuming a distance to the source of 3.2 kpc. The apparent lack of large proper motions between Epochs 1 and 3 and the overall velocity structure indicate that the water masers do not reside in a high-velocity circumstellar out ow. Additional observations with the VLBA over longer time intervals should be conducted to re ne the proper motion measurements determined for IRAS 19296+2227. 
